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1
DIGITAL MEDIA DISTRIBUTION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. application Ser.
No. 14/144,462 filed Dec. 30, 2013, now U.S. Pat. No.
8,904,466, which 1s continuation of Ser. No. 10/916,330
filed Aug. 10, 2004, now U.S. Pat. No. 8,621,542, which
claims priority under 35 U.S.C. §119(e) to U.S. Provisional
Patent Application No. 60/494,396, filed on Aug. 11, 2003,
entitled “Dagital Media Distribution Device,” by Paul
Klamer, Ken Long, and Arjun Ramamurthy, which applica-
tions are incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates generally to the field of data
manipulation and storage. More specifically, the invention
relates to devices that manipulate and store image, sound,
and associated metadata.

Description of Related Art

In the entertainment industry, the video tape recorder
(“"'VTR”) has served for many years as the main device for
storing video and accompanying audio. However, there 1s a
need for an apparatus that provides capabilities beyond those
offered by the VIR. In particular, there 1s a need for an
apparatus that can store data on network-accessible mass
storage devices, e.g., disk drives. Additionally, there 1s a
need for an apparatus that can transcode data between
different data formats. Accordingly, there 1s a need for an
apparatus that can store data on network-accessible storage
devices and transcode data between formats. The present
invention satisfies these needs.

SUMMARY OF THE INVENTION

Embodiments of the present mnvention include a digital
media distribution device that includes an encoder, a
decoder, and a transcoder, which transcodes between data
formats. The digital media distribution device interfaces
with a shared storage device for data storage. An exemplary
embodiment of the present invention 1s a digital media
distribution device that includes an encoder, a decoder
coupled to the encoder, and a transcoder coupled to the
decoder. The encoder 1s configured to encode mput data that
1s received by the digital media distribution device nto a
first data format. The decoder 1s configured to decode output
data to be output by the digital media distribution device.
The transcoder 1s configured to convert the encoded 1nput
data from the first data format into a second data format. The
digital media distribution device 1s configured to be coupled
to a computer network.

In other, more detailed features of the invention, the
encoder and decoder are housed within a single electronics
rack. The electronics rack includes a hardware slot, and an
interface board that 1s configured to insert into the hardware
slot. The interface board supports an interface format
selected from the group consisting of SD-SDI, HD-HDI,
GSN, uncompressed AES-3, unbalanced BNC, and balanced
XLR. Also, the encoder and decoder are remote controllable.
In addition, a computer terminal unit 1s coupled to the
encoder and the decoder.

In other, more detailed features of the invention, the
encoder and the decoder perform a verification check and
report their status to a user before processing data. In
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addition, the encoder 1s configured to calculate a peak
signal-to-noise ratio value when the encoder and the decoder
are coupled 1n a closed-loop configuration. In addition, the
transcoder 1s 1mplemented in software on a personal com-
puter. Furthermore, the transcoder includes a PCI accelerator
board having ASIC accelerators. Also, the transcoder con-
verts between data formats selected from the group consist-
ing of JPEG2000, MPEG-2, minimally ATSC (high defini-
tion), DVD elemental bit stream, DVB (625), and 4:2:2.

In other, more detailed features of the invention, the
digital media distribution device 1s configured for wavelet-
based tunable compression. Also, the digital media distri-
bution device has a form factor and a user interface that
approximate the form factor and the user interface for a
video tape recorder. In addition, the digital media distribu-
tion device includes a codec and an operating system, and
the codec and the operating system can be upgraded by a
user. Furthermore, the encoder encodes data at an encoding
bit rate, the decoder decodes data at a decoding bit rate, and
the encoding bit rate and the decoding bit rate are user
definable.

In other, more detailed features of the invention, the
digital media distribution device 1s an internet protocol
addressable device. Also, the digital media distribution
device 1s coupled to the computer network, and the digital
media distribution device 1s coupled to a network-accessible
storage device via the computer network. Furthermore, the
encoder, the decoder, and the transcoder each include cache
memory used to compensate for latency associated with
accessing the network-accessible storage device. Also, the
digital media distribution device 1s coupled to an asset
management system, and the asset management system can
determine end of file location information and asset infor-
mation for the data.

Other features of the invention should become apparent
from the following description of the preferred embodiments
taken 1n conjunction with the accompanying drawing, which
illustrates, by way of example, the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE 1s a block diagram of a digital media
distribution device according to a preferred embodiment.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Referring to the FIGURE, embodiments of the present
invention are included 1n a digital media distribution device
(“DMD device™) 10 that compresses mput data for storage
and decompresses stored data to be output from the DMD
device. The DMD device includes an encoder 12, which
compresses the input data received from an external device
(not shown), e.g., film scanner; a decoder 14, which decom-
presses the data for output while preserving color matrices
and properly adjusting the 1image size; and a transcoder 16,
which converts the data between various data formats.

The encoder 12 and decoder 14 are rack-mountable and
can be housed within a single electronics rack (not shown),
or in two separate electronics racks (not shown) for play-
back-only or record-only configurations, and can be
remotely controlled using various remote control formats,
e.g., Sony RS-422 VTR control. The encoder, decoder, and
transcoder 16 are coupled, via interface lines 18, 20, and 22,
respectively, e.g., fiber or copper Ethernet interfaces, to a
computer network 24, e.g., Ethernet. Accordingly, the
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encoder 1s coupled to the decoder via the computer network.
Also, a computer terminal unit 26 1s coupled to both the
encoder and the decoder via RS-232 lines 28 that couple to
RS-232 ports (not shown) on the encoder and decoder. The
computer terminal unit allows an operator to control the
decoder and the encoder. Also, the computer terminal unit
can be network assignable so 1t can be physically separated
from the encoder and the decoder.

A server 30, e.g., a New Technology (“NT1”) server or a
Unix box, 1s coupled to the computer network 24 via a server
interface line 32, and a network accessible data storage
device 34 1s coupled to the server via a storage device
interface line 36. The data storage device can be any of the
standard storage devices known 1n the art. While the FIG-
URE depicts one server and network storage device, more
than one server and more than one network storage device
can be coupled to the computer network and accessed by the
DMD device 10.

The DMD device 10 1s a network addressable device, e.g.,
an Internet protocol (“IP”) addressable device, thus the
DMD device permits remote access via the computer net-
work 24 {for configuration, operation, diagnostics, and
upgrades. The DMD device 1s designed to utilize database
standards, e.g. SQL, and thus can interface with a standard
database server 30. The operating system (“OS”) for the
DMD device can be any open and customizable OS, e.g.,
Linux.

Both the encoder 12 and the decoder 14 each include a
front-end module (not shown), a mid-region module (not
shown), and a back-end module (not shown). Encoder’s
front-end module itertfaces with the computer network 24
and receives mput signals from the computer network. The
encoder’s front-end module includes slots (not shown) into
which various interface cards can be iserted to handle
different input formats, e.g., high definition (“HD”), stan-
dard definttion (“SD”), and gigabyte system network
(“GSN”). The encoder transiers the data received by the
encoder’s front-end module to the encoder’s mid-region
module where the data 1s compressed. After the data 1s
compressed, the encoder transters the compressed data to the
encoder’s back-end module, which transfers the compressed
data via the computer network and the server 30 to the
network storage device 34.

The decoder’s back-end module (not shown) interfaces
with the computer network 24 and receives data from the
network storage device 34 via the server 30. Next, the
decoder 12 transfers the compressed data from the back-end
module to the mid-region module where the compressed
data 1s decompressed. Finally, the decoder transiers the
decompressed data from the mid-region module to the
decoder’s front-end module which outputs the data, e.g., SD
or HD video data, to the user based on the user-defined
configuration.

Both the encoder 12 and the decoder 14 are of a modular
building block configuration, which allows for the expan-
sion of encoder and decoder capability. As mentioned pre-
viously, the encoder and the decoder are rack-mountable,
cach with a maximum foot print of two rack units (“RUs”).
The rack space for the combination of all of the encoder
modules (not shown) and the decoder modules (not shown)
can extend, for example, to a total of six RUSs.

Both the encoder’s front end module (not shown) and the
decoder’s front-end module (not shown) include recontfigu-
rable hardware slots into which various interface boards,
¢.g., Ethernet board including either fiber or copper inter-
faces, can be installed to handle various 1nput types (en-
coder) and output types (decoder). Since the interface type
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for both the encoder’s front-end module and decoder’s front
end module can be reconfigured, the encoder and decoder
can be customized to match the desired interface type. In
particular, the interface type for both the encoder’s front-end
module and the decoder’s front-end module can be recon-
figured to support an SD (e.g., NTSC standard=5235 lines or
PAL standard=625 lines) serial data input (“SD-SDI”)
stream, an HD (e.g., 1920 by 1080 interlaced pixels) serial
data mput (“HD-SDI”) stream, or an optical GSN stream.

In one example, the encoder’s front-end module (not
shown) and/or the decoder’s front-end module (not shown)
can be configured to include dual 292 HD-SDI interfaces,
five audio channels interfaces, and a time code interface.
Embodiments that include dual HD-SDI advantageously
provide full color, 1.e., red, green, blue data (“RGB™) at
4:4:4, rather than sub-sampled color, 1.e., RGB at 4:2:2,
which 1s provided when the interfaces are single HD-SDI
interfaces. In another example, the encoder’s front-end
module or the decoder’s front-end module 1includes 48 audio
channels interfaces. In yet another example, both the encod-
er’s front-end module and the decoder’s front-end module
are configured with SD-SDI, HD-SDI SMPTE 292, and 8
audio channel 1nterfaces such that both the encoder and the
decoder have a combined front-end module bandwidth of
3.5 gigabits per second and a combined back-end module
bandwidth of at least 1 gigabit per second.

Furthermore, the slots (not shown) in the encoder’s front-
end module (not shown) and the decoder’s front-end module
(not shown) can be configured to include interfaces for
encoding/decoding audio data, which can be in various
audio formats, e.g., uncompressed AES-3, unbalanced BNC,

and balanced XK. Both the encoder 12 and the decoder 14

can also handle embedded audio 1n 292 or 601 bit stream
configurations. The implemented audio file format should be
lossless with a mechanism to sync with the corresponding
video format for transcoding and decoding. An example
audio format supports a 96 kHz sample rate and a 32-bit

depth.
Both the encoder 12 and the decoder 14 include a time
code that supports the linear time code (“LTC”) and vertical

interlaced time code (*VITC”) standards, including drop
frame/non-drop frame. For the decoder, both an analog
timecode and a digital timecode are available over an
RS-422 serial port. Also, the decoder supports error con-
cealment, for on-air use, and provides for disabling error
concealment, for mastering. The user has the ability to turn
the concealment on and off. Also, the decoder supports
standard VTR functionality, for example, jog dial playback,
pause, and rewind. In addition, the decoder supports the
ability to adjust the size, aspect ratio, and resolution of an
image.

Before the encoder 12 and the decoder 14 are used, the
encoder and the decoder perform a file system performance
verification check and report their statuses to the user. Also,
the encoder and the decoder report their ability to perform
proper encoding and decoding based on the statuses of their
boot batteries and the results of bandwidth tests. The boot
battery 1s the internal battery source included in both the
encoder and the decoder that 1s used to power memory
devices, e.g., EEPROMSs, that hold the boot information for
the encoder or decoder. Also, both the encoder and the
decoder can perform video/audio diagnostic capability
checks such as tone and test pattern reading.

The encoder 12 and the decoder 14 can be coupled 1n a
closed-loop configuration (not shown). In the closed-loop
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configuration, the encoder can calculate a value of peak
signal-to-noise ratio (“PSNR”) according to the following
equation:

PSNR=20 log(RMS error),

where the RMS error 1s the square root of the squared
value of the encoder-decoder system’s average error
measured by the encoder squared.
The PSNR value i1s output to the user on the computer
terminal unit 26 and can be monitored by the user or a
remote device (not shown) and used to determine if the
quality of the encoding 1s suflicient, or 1f the encoding bit
rate needs to be adjusted.

The transcoder 16 1s housed within a personal computer
38 and can be implemented as a software module that can
run on more than one computer. Furthermore, the transcoder
can 1ncorporate a peripheral component interconnect
(“PCI”) accelerator board (not shown) with Application
Specific Integrated Circuit (“ASIC”) accelerators for
improved performance. The transcoder utilizes a database,
e.g., an SQL-compliant database, for job actions, and pro-
cesses transcoding jobs according to a customizable priority
structure. More specifically, the transcoder handles job del-
egation, queuing, prioritization, delivery, and hand-off. The
transcoder delivers transcoded output to the network storage
device 34 via the computer network 24.

User interaction with the transcoder 16 1s implemented
via a graphical user interface (“GUI”) and command line
interface (“CLI”). Through the GUI, users can select a data
file to transcode and submit the job for processing. The GUI
1s generic, able to run on multiple platforms, and 1s cus-
tomizable to support the creation of interfaces for diflerent
10b functions. The transcoder also 1s able to accept transcod-
ing commands via a command line iterface (“CLI") though
a remote shell (“RSH”), which allows for remote login to the
transcoder.

The transcoder 16 can transcode between various data
formats, e.g., JPEG2000, MPEG-2, minimally ATSC (high
definition), DVD elemental bit stream, DVB (625), and
4.2:2, with full user configurability on transcode options.
Also, the transcoder allows the user to adjust the bit rates,
frame rates, resolution, broadcast format, GOP structures,
audio repackaging, and syncing schemes of the data. The
transcoder processes mntermediate RGB data and add burn-in
elements. Also, the transcoder converts different field orders
(both lower and upper). The transcoder can output asset
recreation instructions (“metadata™) so that the transcoded
version of the data can be recreated 1f demanded. The
transcoder can first store the transcoded output data to the
network storage device 34, and then forward the transcod-
er’s output to another device (not shown), e.g., additional
disk storage.

All storage of data for the encoder 12, decoder 14, and
transcoder 16, 1s accomplished using the network storage
device 34, which 1s accessible over the computer network 24
through the server 30. The encoder, decoder, and transcoder
all mmclude cache memory (not shown), which 1s used to
compensate for latency associated with accessing the net-
work storage device. The size of the cache memory 1n each
of the encoder, the decoder, and the transcoder 1s sutlicient
to prevent lag during high-latency conditions. File systems,
¢.g., common internet file system (CIFS/SMB) or network
file system interface-NFS-V3, are included in the DMD
device 10 that support the storage of encoded files to the
network storage device. The DMD device can also include
a hierarchical storage management (“HSM”) system (not
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shown) via standard HSM protocols, or even Extensible
Markup Language (“XML”) tags, which control the storage
of the encoded data.

Furthermore, the DMD device 10 has the ability to
communicate with an asset management system (not
shown), which permits the user to track and manage the data
(“the asset”). The asset management system can be used to
determine the end file location information and asset 1den-
tification of the data. In one example, an asset management
system could be used to locate where a specific take of a
scene 1n a {1lm 1s stored 1n the network data storage device
34.

Advantageously, the DMD device 10 according to the
present invention, i addition to functioning as a VIR, has
a form factor and user mterface that 1s similar to, approxi-
mate, that of a VIR. The DMD device can operate either as
a stand-alone device or a network-accessible device. When
the DMD device 1s coupled to a computer network 24, the
DMD device can benefit from backup servers (not shown)
that provide data 1n the event of a failure of the network data
storage device 34. Also, the DMD device advantageously
includes an output mechanism that indicates the status and
configuration of the encoder 12 and the decoder 14. For
example, the DMD device can measure the boot battery
value and bandwidth of the encoder and decoder prior to use.
When power 1s applied to the encoder and decoder, the
encoder and decoder use their boot battery for mitialization
purposes, and the encoder and decoder measure the available
network bandwidth and characterize the computer network
throughput and performance based on the current network
bandwidth and usage. This information 1s output to the user
via a monitoring device, e.g., the computer terminal unit 26.

Another advantage of the DMD device 10 1s that the
codec and OS are upgradeable 1n both the encoder 12 and
decoder 14 since the OS 1s stored on Flash ROM (not
shown) and the codec 1s implemented using a pin grid array
(“PGA”)-based architecture (not shown). The codec and the
OS can be upgraded in the server mode, where the DMD
device checks for updates from a server, via the computer
network, and then proceeds to operation. Alternatively, the
codec and the OS can be upgraded in the stand alone mode,
where updates can be admimstered through the computer
terminal unit 26. Furthermore, the computer terminal unit
can communicate with the encoder or decoder 1n case of
boot failures, notifications, or status messages. The encoder
or decoder can be 1nstructed, via the computer terminal unait,
through command line iterface (“CLI”) scripts. Also, CLI
scripts can be used to control the transcoder.

Advantageously, the DMD device 10 can support the
encoding and decoding of data files at bit rates set 1n
user-definable profiles (not shown). The profiles are stored
on the server 30 and can be accessed by a remote user when
changing the bit rate for a specific input job. The bit rate can
change from lossless to lossy, which could be from no

egradation to absolute degradation 1n 1mage quality. Also,
the bit rate can be diflerent between the bit rate input to the
DMD device and the bit rate output from the DMD device,
if the 1nput bit rate 1s 10 bits per pixel, the output can vary
from 10 bits per pixel (no loss) down to 0.1 bit per pixel
(lossy). Furthermore, the digital media distribution device
provides for wavelet-based tunable compression, for
example, with JPEG2000 data.

The foregoing detailed description of the present mven-
tion 1s provided for purposes of illustration, and 1t 1s not
intended to be exhaustive or to limit the mvention to the
particular embodiments disclosed. The embodiments can
provide different capabilities and benefits, depending on the
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configuration used to implement the key features of the
invention. Accordingly, the scope of the mvention 1s defined
only by the following claims.

The 1nvention claimed 1s:

1. A digital media distribution device comprising:

an encoder that 1s configured to encode mput data that 1s
received by the digital media distribution device 1nto a
first data format, the encoder coupled directly to and
under control from a computer terminal unit;

a decoder, coupled to the encoder via a computer network,
that 1s configured to decode output data to be output by
the digital media distribution device, the decoder
coupled directly to and under control from the com-
puter terminal unit; and

a transcoder, coupled to the decoder, that 1s configured to
convert the encoded input data from the first data
format 1nto a second data format; and

the computer terminal unit enabling an operator to
directly control the encoder and the decoder using a
remote control format via one of a serial connection or
the computer network, wherein the encoder 1s coupled
to the decoder solely by the computer network, and the
transcoder 1s coupled to the decoder and to the encoder
via the computer network.

2. The digital media distribution device according to
claim 1, wherein the encoder and the decoder are remotely
controllable.

3. The digital media distribution device according to
claam 1, wherein the encoder and the decoder perform a
verification check and report their status to a user before
processing data, including reporting decoding and encoding,
capability based on a bandwidth test.

4. The digital media distribution device according to
claam 1, wherein the digital media distribution device 1is
configured for wavelet-based tunable compression.

5. The digital media distribution device according to
claim 1, wherein the digital media distribution device has a
form factor and a user interface that approximate the form
factor and the user interface for a video tape recorder.

6. The digital media distribution device according to
claim 1, wherein:

a. the encoder encodes data at an encoding bit rate;

b. the decoder decodes data at a decoding bit rate; and

c. the encoding bit rate and the decoding bit rate are user
definable.

7. The digital media distribution device according to
claim 1, wherein the digital media distribution device 1s an
internet protocol addressable device.

8. The digital media distribution device according to
claim 1, wherein:

the digital media distribution device i1s coupled to a
network-accessible storage device via the computer
network, the network-accessible storage device config-
ured to store all encoded data for at least one of the
encoder and the decoder.

9. The digital media distribution device according to
claiaim 1, wherein the encoder, the decoder, and the
transcoder each include cache memory used to compensate
for latency associated with accessing the network-accessible
storage device.

10. The digital media distribution device according to
claam 1, wherein the digital media distribution device 1is
coupled to an asset management system, and the asset
management system can determine end of file location
information and asset information for the data.
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11. The digital media distribution device according to
claim 1, further comprising a hardware reconfigurable com-
pression codec operatively associated with at least one of the
encoder and the decoder.

12. The digital media distribution device according to
claam 1, wherein the encoder and the decoder comprise
hardware slots configured to support multiple interface
formats including at least two selected from the group

consisting of SD-SDI, HD-HDI, GSN, uncompressed AES-
3, unbalanced BNC, and balanced XLR.
13. A digital media distribution device comprising:
an encoder that 1s configured to encode mput data that 1s
received by the digital media distribution device into a
first data format, the encoder coupled directly to and
under control from a computer terminal unit; and

a decoder, coupled to the encoder via a computer network,

that 1s configured to decode output data to be output by
the digital media distribution device, the decoder
coupled directly to and under control from the com-
puter terminal unit; and

the computer terminal unit enabling an operator to

directly control the encoder and the decoder using a
remote control format via one of a serial connection or
the computer network, wherein the encoder 1s coupled
to the decoder solely by the computer network.

14. The digital media distribution device according to
claim 13, wherein the encoder and the decoder perform a
verification check and report their status to a user before
processing data, including reporting decoding and encoding
capability based on a bandwidth test.

15. The digital media distribution device according to
claiam 13, wherein the digital media distribution device 1s
configured for wavelet-based tunable compression.

16. The digital media distribution device according to
claim 13, wherein the digital media distribution device has
a Torm factor and a user interface that approximate the form
factor and the user interface for a video tape recorder.

17. The digital media distribution device according to
claim 13, wherein:

d. the encoder encodes data at an encoding bit rate;

¢. the decoder decodes data at a decoding bit rate; and

f. the encoding bit rate and the decoding bit rate are user

definable.

18. The digital media distribution device according to
claim 13, wherein the digital media distribution device 1s an
internet protocol addressable device.

19. The digital media distribution device according to
claim 13, wherein:

the digital media distribution device 1s coupled to a

network-accessible storage device via the computer
network, the network-accessible storage device config-
ured to store all encoded data for at least one of the
encoder and the decoder.

20. The digital media distribution device according to
claim 13, wherein the encoder and the decoder each include
cache memory used to compensate for latency associated
with accessing the network-accessible storage device.

21. The digital media distribution device according to
claam 13, wherein the digital media distribution device 1s
coupled to an asset management system, and the asset
management system can determine end of file location
information and asset information for the data.

22. The digital media distribution device according to
claam 13, further comprising a hardware reconfigurable
compression codec operatively associated with at least one
of the encoder and the decoder.
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23. The digital media distribution device according to
claiam 13, wherein the encoder and the decoder comprise
hardware slots configured to support multiple interface

formats including at least two selected from the group
consisting of SD-SDI, HD-HDI, GSN, uncompressed AES- 5

3, unbalanced BNC, and balanced XLR.
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